Abstract Our objective was to test the hypothesis that nulliparous women with a history of miscarriage have an increased risk of depression during late pregnancy, and at 1, 6, and 12 months postpartum compared to women without a history of miscarriage. We conducted secondary analysis of a longitudinal cohort study, the First Baby Study, and compared 448 pregnant women with a history of miscarriage to 2,343 pregnant women without a history of miscarriage on risk of probable depression (score [12 on the Edinburgh Postnatal Depression Scale). Logistic regression models were used to estimate odds ratios at each time point and generalized estimating equations were used to obtain estimates in longitudinal analysis. Women with a history of miscarriage were not more likely than woman without a history of miscarriage to score in the probable depression range during the third trimester or at 6 or 12 months postpartum but were more likely at 1 month postpartum, after adjustment for sociodemographic factors (OR 1.66, 95 % CI 1.03-2.69). Women with a history of miscarriage may be more vulnerable to depression during the first month postpartum than women without prior miscarriage, but this effect does not appear to persist beyond this time period. We support the promotion of awareness surrounding this issue and recommend that research is planned to identify risk factors that may position a woman with a history of miscarriage to be at higher risk for depression.
Introduction
Miscarriage, the spontaneous loss of a pregnancy before completion of 20 weeks gestational age [1] , may result in intense grief for women who experience it [2] . Emotional experiences during subsequent pregnancy may then be impacted by previous miscarriage experiences. These emotional effects of previous miscarriage during and after subsequent pregnancy are often studied in combination with women with a history of other types of perinatal loss including stillbirth, electively induced abortion, and neonatal death. Very few studies of the effects of previous miscarriage alone on subsequent pregnancy and birth are available. Therefore, this introduction to the extant literature includes what is known about the effect of perinatal loss history in general.
In the United States, perinatal loss occurs in 12-20 % of confirmed pregnancies [3] . The immediate reaction to perinatal loss for women and their partners is commonly one of grief comparable in intensity to the grief following other types of loss via death [2] . After experiencing a perinatal loss, over 85 % of women will become pregnant again within 18 months [4] . Depressive symptoms can continue to manifest for women with a history of perinatal loss even during a subsequent pregnancy [5, 6] . For example, several researchers found that women who are pregnant following a perinatal loss have increased levels of depressive symptoms compared to women who have not experienced such loss [5] [6] [7] [8] [9] [10] [11] [12] [13] . Women with a history of perinatal loss may perceive a subsequent pregnancy as a threat [14] , stress is increased [8] , and they describe alterations in their concept of self [15] . In contrast, others found no difference in the levels of depression for these two groups of women [16] [17] [18] [19] [20] [21] [22] [23] .
Although the relationship between a history of perinatal loss and depressive symptoms in subsequent pregnancy has some supportive evidence, it is even more unclear whether depressive symptoms may ameliorate after the birth of a healthy infant. In a sample of women with a history of perinatal loss, Armstrong et al. [24] found that clinical levels of depressive symptoms were present during the 3rd trimester of pregnancy; however, more normal levels were typical after the birth of a healthy infant (at 3 and 8 months postpartum), and symptoms of depression decreased over time. Hughes et al. [12] found that depression rates in women with a history of perinatal loss were comparable to controls at 12 months postpartum. However, Blackmore et al. [9] reported that depressive symptoms were significantly related to perinatal loss during pregnancy and up to 33 months postpartum.
Not only is perinatal depression a concern for the health of the woman affected, it can also have a substantial negative impact on the health of her fetus or newborn. For example, depression during pregnancy may put a woman at greater risk for preterm birth and a low birth weight or small for gestational age baby [25, 26] . In the postpartum period, mothers with depression report a wide range of negative emotions and may be fearful or overly intrusive in their interactions with their infant [27, 28] . These suboptimal interactions may also have long term consequences for the children, including deficits in cognitive-linguistic functioning and an increase in negative affect or behavior [29, 30] . Reduction of depression in the perinatal time period is of utmost importance to assuring the health of childbearing women and their children.
Although the available literature points to a decrease in depressive symptoms over time for pregnant and postpartum women with a history of perinatal loss, no conclusion can be made regarding whether these women are at higher risk for depression after the birth of a healthy infant. The objective of our study was to determine the longitudinal relationship between a history of miscarriage and probable depression during pregnancy and throughout the first year postpartum in a sample of women giving birth for the first time. Our hypothesis was that women with a history of miscarriage have an increased risk of depression during late pregnancy, and at 1, 6, and 12 months postpartum compared to women without a history of miscarriage. An exploratory secondary objective of our study was to examine the potential moderating effects of social support and maternal stress on the relationship between previous miscarriage and probable depression.
Methods

Study Design and Population
This study utilized secondary analysis of a longitudinal cohort study, the First Baby Study (FBS). The FBS enrolled 3006 pregnant women planning to deliver their first live-born baby in the state of Pennsylvania, USA from January 2009 to April 2011. Exclusion criteria were not speaking English or Spanish, more than one fetus, a previous stillbirth that occurred at more than 20 weeks gestation, a previous cesarean delivery regardless of length of gestation, a gestational or surrogate carrier, planned to give the baby up for adoption, planned to have a tubal ligation while hospitalized for delivery, did not have a telephone or were not able to commit to participation in the study for a period of 3 years. These exclusion criteria were related to the primary aim of the FBS, to examine mode of first childbirth and relationship to subsequent pregnancy and delivery. The study was approved by the Institutional Review Board at the Penn State Hershey Medical Center and at participating study hospitals and written informed consent was obtained from each participant. A detailed description of the sampling design and recruitment is described elsewhere [31] .
This study utilized data collected during four telephone interviews with participants during the third trimester of pregnancy (at least 30 weeks gestation-baseline interview), and at 1, 6, and 12 months postpartum. At 12 months postpartum, 6.6 % of the participants were lost to follow-up.
Measures
The independent variable, a history of miscarriage, was measured via self-report. Women who were enrolled in the FBS and reported a history of elective abortion were excluded from analysis. Women with one or more missing responses for the variables of interest at 1 month postpartum (n = 63) were also excluded. The analytic sample included 448 women with a history of one or more miscarriages and 2,343 women experiencing their first pregnancy.
Sociodemographic variables were obtained during the baseline interview. Poverty was measured using the US Census Bureau classification system to categorize participants based on household income and family composition-poverty, near poverty and not poverty. Those with household incomes C200 % above the threshold are classified as ''not poverty'', those with household incomes that are 100 % to 200 % of the poverty threshold are ''near poverty'', and those with household incomes \100 % of the poverty threshold are classified as ''poverty''. For 127 women, regression methods were used to impute missing income values and create a poverty status category. Analysis completed with and without the imputed values revealed no difference in the results. Thus, imputed values were retained in the analysis.
During the baseline interview, data were also collected on the following potential confounding variables: Use of fertility advice or treatment, and history of anxiety or depression. Women were said to have used fertility advice or treatment if they had planned the pregnancy and responded affirmatively to the question, ''Did you and/or your partner use any type of fertility advice, testing, or treatment before you became pregnant?'' Women who reported that they had a doctor or nurse tell them that they had anxiety or depression prior to this pregnancy were considered to have a history of anxiety or depression.
At the 1-month postpartum interview, potential confounding factors of mode of delivery, infant hospitalization after birth, postpartum mental health visits, and birth experience were measured. Birth experience was measured using a 16-item scale with a potential range of scores from 16 to 80. A higher score indicates a more positive birth experience [32] .
Potential confounding factors of maternal stress and social support were measured at each time point and were utilized as time-varying covariates. Maternal stress was measured using the Psychosocial Hassles Scale [33] , an 11-item instrument which measures perceived maternal stress due to common stressors, such as ''money worries like paying bills''. Several of the items were modified to fit the study population and one item was added, ''Problems with the baby'', for a total of 12 items. In this study, the Cronbach's alpha was 0.71 at 1 month postpartum and higher scores indicated higher levels of stress. Social support was measured using 5 items from the MOS Social Support Survey [34] and 4 items were added specifically concerning support for a new mother (i.e. ''Someone to help you take care of the baby''). The Cronbach's alpha was 0.88 at 1 month postpartum and higher scores indicated higher levels of social support.
The outcome variable, probable depression, was measured at each time point using the Edinburgh Postnatal Depression Scale (EPDS) [35] . Two of the original items were modified: ''Things have been getting on top of me'' was changed to ''I have had trouble coping'' and ''The thought of harming myself has occurred to me'' was changed to ''The thought of harming myself or others has occurred to me''. The Cronbach's alpha in this study was 0.82 at 1 month postpartum. A dichotomous variable was created with probable depression defined as EPDS [12, as suggested by a recent systematic review [36] .
Our relatively large sample size enabled us to detect the difference in proportion of probable depression between the two groups of women as small as 3.6 % with at least 80 % statistical power. A difference more than 4.3 % between groups could be detected with at least 90 % statistical power.
Analytic Approach
Data analysis was completed using SPSS 20 and verified independently by the study statistician (JZ) using SAS 9.3. Chi square and Student's t tests were used to compare variables by miscarriage status at baseline. Then, a univariate logistic regression model (model 1) was created for each of the four time points followed by multiple logistic regression models as follows: (2) the addition of factors significantly related to the independent variable: maternal age and use of fertility advice or treatment; (3) in addition to model 2 factors, sociodemographic factors marital status, race and ethnicity, education and poverty status; (4) in addition to model 3 factors, obstetric factors including mode of delivery, infant hospitalization after birth, and birth experience; and (5) in addition to model 4 factors, psychosocial factors including postpartum mental health visits, history of anxiety or depression, maternal stress, and social support. At baseline, model 4 was not completed because these variables were measured at the 1-month postpartum interview. Next, longitudinal analysis was completed using generalized estimating equations (GEE) with probable depression as a repeated outcome measure, and adjusting for maternal age and fertility treatment or advice. Finally, interaction analysis was completed for maternal stress and social support at each time point using a logistic regression model adjusted for maternal age, fertility treatment or advice, maternal stress or social support, and the appropriate interaction term.
Results
Women in our sample were a mean age of 27.3 years old (SD = 4.3) at the baseline interview. The majority of women were married (72.1 %), non-Hispanic White (84.8 %), not living in poverty (80.8 %), and had completed a 4-year degree or greater (57.8 %). Characteristics of the study sample by miscarriage history are shown in Table 1 . Compared to women without a history of miscarriage, women with a history of miscarriage were older (27.1 vs. 28.2 years) and more likely to have received fertility advice or treatment (9.7 vs. 20.3 %). The two groups of women did not differ significantly on any other variables.
During pregnancy, 5.7 % of women without a history of miscarriage and 4.9 % of women with a history of miscarriage reported symptoms of probable depression. Mean EPDS scores at baseline are shown in Table 1 and did not differ significantly between groups. Mean EPDS scores at 1 month postpartum were 4.3 (SD 3.9) for women without a history of miscarriage and 4.5 (SD 4.1) for women with a history of miscarriage, and did not differ significantly All results reported as n (%) or mean ± SD *** p \ 0.001 a Measured at 1 month postpartum between groups. Likewise, scores did not differ significantly between groups at 6 or 12 months postpartum and were similar in value to the 1 month postpartum scores. Analysis of the relationship between a history of miscarriage and probable depression during pregnancy revealed no significant relationship in any of the five models (all p [ 0.05) ( Table 2) . Likewise, at 6 months postpartum and 12 months postpartum, a history of miscarriage was not significantly associated with risk of probable depression (all p [ 0.05).
We found a significant relationship between a history of miscarriage and probable depression at 1 month postpartum where women with a history of miscarriage were 1.69 times (95 % CI 1.05-2.70) more likely to report symptoms of probable depression than the comparison group of women (Table 2 ). This increased odds remained significant after adjustment for sociodemographic factors (models 2 and 3). After further adjustment for obstetric and psychosocial factors (models 4 and 5), the odds ratio was no longer significant. However, even after full adjustment, the odds ratio remained stable across all models and still indicated a 1.70 times higher odds (95 % CI 0.99-2.92) of probable depression for women with a history of miscarriage.
Longitudinal analysis of the relationship between a history of miscarriage and probable depression revealed no significant relationship over time (Table 3) . Notably, interview time was a significant predictor of probable depression, as all postpartum time periods were associated with reduced odds of probable depression compared to during pregnancy. Additionally, there was no evidence that the pattern of probable depression risk differed between the two groups of women over the four time periods, as the interaction between miscarriage history and interview time was not significant (data not shown). In women with a history of miscarriage, the highest risk for depression occurred at the 1 month postpartum period (Fig. 1) .
Analysis of interaction between a history of miscarriage and either maternal stress or perceived social support at each time period did not reveal significant interaction (data not shown). This indicates that the relationship between miscarriage and probable depression does not differ significantly based on a woman's level of social support or stress.
Discussion
We did not observe any difference in odds of probable depression between the women with a history of miscarriage when compared to women without a history of miscarriage over time, however, women with a history of miscarriage were 1.66 times more likely to have probable depression at 1 month postpartum compared to women with no history of miscarriage.
For both groups of women, depressive symptoms followed the same pattern over time and were highest during pregnancy and remained consistently low after the birth of the infant. Our results concur with those of Blackmore et al. [9] , although these authors examined perinatal loss including both miscarriage and stillbirth. The idea that depressive symptoms are highest during pregnancy and lower in the postpartum period was also reported in studies by Armstrong et al. [24] and Hughes et al. [12] . We found that at 1 month postpartum, women with a history of miscarriage were 1.66 times more likely to report probable depression compared to women without a history of perinatal loss. Although this relationship did not maintain significance after adjustment for all potential confounders, we believe the result deserves comment. Results of similar studies during the early postpartum period were mixed. Blackmore et al. [9] found higher rates of depression in women with a history of perinatal loss compared to controls at 2 months postpartum, while Hughes et al. [12] found no difference between these two groups of women at 6 weeks postpartum. It is possible that the increased risk of depression we found at 1 month postpartum may not be of strong clinical significance, as the mean EPDS scores differed only by 0.2 points between groups.
In our study, we found no evidence that women with a history of miscarriage had increased risk of depression at 6 or 12 months postpartum compared to women without a history of miscarriage. This is consistent with much of the published research in women with a history of perinatal loss during the second half of the postpartum year. Although Carerra et al. [37] found a positive association between a history of stillbirth and increased depressive symptoms at 6 and 12 months postpartum, several other researchers found no difference during this same time period [12, 16, 38] .
We found that women with a history of miscarriage did not differ from women without a history of miscarriage with respect to probable depression during pregnancy. There is much reported in the literature on depression in pregnancy subsequent to perinatal loss, however, there is no clear consensus. Nearly half of the studies that we reviewed reported that women with a history of perinatal loss have increased levels of depressive symptoms in a subsequent pregnancy compared to pregnant women without a history of perinatal loss [5, 6, [8] [9] [10] [11] [12] [13] while the other half report no difference in depressive symptoms [17] [18] [19] [20] [21] [22] [23] . The heterogeneity of these studies is great, as they differ on the definition of perinatal loss, the timing of measurement of depressive symptoms, the type of instrument used to measure depression, and sample parity. However, one factor that we believe may specifically impact the validity of studies of perinatal loss is the potential problem of sample selection bias. Armstrong and colleagues, whose publications provide much of the support for a relationship between perinatal loss and depression in subsequent pregnancy, consistently used recruitment methods that included advertisement of the study in perinatal loss support groups (online or local) [5, 8, 16] . This method may introduce bias because women who seek support after a perinatal loss may be different from those women who do not. For example, it is plausible that using recruitment methods such as advertisements and flyers that state the study purpose may deter participants who are not emotionally distressed by the loss and do not wish to further explore the issue. Conversely, women who experience severe emotional distress may not be willing to participate in a research study. However, Armstrong [8] reported that parents who attended a support group after a perinatal loss had higher depression scores than those who did not, suggesting that the former explanation may be more likely. Therefore, it is possible that studies using this potentially biased sampling method may overestimate the impact of previous perinatal loss. One method of decreasing this selection bias is to study these women through samples that are obtained without the aim of selecting women with a history of perinatal loss.
Two recent population-based studies examined depression in women with a history of perinatal loss. Blackmore et al. [9] analyzed the Avon Longitudinal Study of Parents and Children, based in England, to determine whether depression was related to a history of miscarriage or stillbirth. These authors found that the number of perinatal losses significantly predicted depressive symptoms at both prenatal and postpartum time points. In contrast, a study using the Early Childhood Longitudinal Study, Birth Cohort based in the United States found no association between a history of one perinatal loss and depression at 9 months postpartum [38] . These authors found that having two or more perinatal losses was associated with higher depression when compared to women with no history of loss; however, the difference amounted to 1 point on the depression scale (range 12-48), which may not be clinically significant. The results of our study, along with the results of these population-based studies, suggest that a history of perinatal loss may not be directly related to negative emotional outcomes for the majority of women. Price [38] suggests that the normative response to perinatal loss may not be an increased risk for emotional impairment; rather, other social and emotional contextual features may contribute significantly in those women who develop depression or other emotional difficulties after perinatal loss.
We examined two of these potential contextual factors by investigating the effect of the interaction between miscarriage history and a woman's level of stress and her perceived available social support. Neither maternal stress nor perceived social support affected the relationship between a history of miscarriage and depressive symptoms. Although to our knowledge general stress and social support have not been examined in this context previously, Armstrong [16] found that the more stress women associated with their previous perinatal loss, the higher their depressive symptoms in a subsequent pregnancy. This suggests that perinatal loss-specific stress, rather than general stress as measured in our study, may contribute to a woman's increased risk of depression in subsequent pregnancy after perinatal loss.
To our knowledge, our study is only the second study to examine the pattern of depression over time in women with a history of perinatal loss during subsequent pregnancy and postpartum. Our results confirm that women with a history of miscarriage experience depressive symptomatology during and after a subsequent pregnancy to a similar degree as women without a history of miscarriage. Our study is also one of only a few studies of depression in this population utilizing a large sample size and adjusting for many potential confounders of depression.
Despite the strengths of our study design, there are also some limitations that deserve comment. First, although studies of perinatal loss vary greatly in their definition of loss, our study did not include women with other types of perinatal loss besides miscarriage including stillbirth, neonatal death, or medically-indicated abortion. It is unclear whether the type of perinatal loss has a significant impact on a woman's emotional health during a subsequent pregnancy, but Armstrong [5] found that the gestational age of a previous perinatal loss was not associated with depressive symptoms during subsequent pregnancy. Also, our version of the EPDS has been slightly modified from the original, and although modifications were minor, validity testing has not be completed on this new version.
Given that women excluded from our sample due to missing data were younger, less likely to be married, nonHispanic White, educated, or to have a history of miscarriage, and more likely to be living in poverty or depressed, our results may have some selection bias. Additionally, there was selection bias due to differential loss to follow up such that mothers included at 12 months postpartum were older, more likely to be educated, married, non-Hispanic White, and less likely to live in poverty. However, those who were lost to follow-up did not differ from those included on miscarriage history or probable depression and comprised a very small portion of our sample. Also, our study participants were older, more likely to be non-Hispanic White, had higher levels of education and higher household income than the overall population of Pennsylvania [31] . Our study population also had a relatively low rate of postpartum depression (6 %) compared to other studies [39] [40] [41] . These differences are indicative of a selection bias that is common in longitudinal research studies where participation is voluntary. As such, although our sample size was large and relatively diverse, the results of the study may not be generalizable to the entire population.
We conclude that although a history of miscarriage may have implications for mental health in subsequent pregnancy and postpartum, it is unlikely that these effects are universal. Each woman who experiences a miscarriage may react to a subsequent pregnancy differently. As depression in the perinatal period may be associated with adverse pregnancy outcomes [25, 26, 42] , impairments in maternalinfant bonding [42] [43] [44] [45] [46] [47] , and developmental impairments in the child [48] [49] [50] [51] [52] [53] [54] , it is important for researchers to further examine the relationship between a history of miscarriage and depression. Future research should aim to identify risk factors that may position a woman with a history of miscarriage to be at higher risk for depression during a subsequent perinatal period. This should include separate examination of different types of perinatal loss, with the aim of determining if the gestation of a perinatal loss is a significant contributor to health impact. It will also be important for researchers to be mindful of recruitment methods to reduce selection bias. Population-based samples may be ideal.
Based on what is now known about the effect of a history of perinatal loss on depression in a subsequent pregnancy, we recommend that providers for pregnant women remain aware of a woman's history of previous losses at any gestation. Albeit limited, research has shown that the value a woman places on a pregnancy that is lost, more so than the gestation of the pregnancy, is the most important indicator of her emotional response [5, 15, 23] . It is important for providers to openly discuss previous perinatal losses with women who are pregnant, so that they can receive appropriate intervention if they appear to struggle with the experience of subsequent pregnancy. Interventions may include mental health consultation for depressive symptoms and/or bereavement support through local or online support groups. Intervention may be especially valuable in the early postpartum period. Finally, although the research on the effect of a history of perinatal loss on depression in subsequent pregnancy is not definitive, it is clearly evident that many women struggle with the experience, and increasing awareness in the public health and medical communities is an essential primary step in the improvement of health for affected women.
